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WIDEBAND SLOTTED PHASED ARRAY ANTENNA 
AND ASSOCIATED METHODS 

Field of the Invention 
[0001] The present invention relates to the field of 
communications, and more particularly, to slotted phased 
array antennas . 

Background of the Invention 
[0002] Existing phased array antennas include a wide 
variety of configurations for various applications, such 
as satellite reception, remote broadcasting or military 
communication. The desirable characteristics of low 
cost, light-weight, low profile and mass producibility 
are provided in general by printed circuit antennas. The 
simplest forms of printed circuit antennas are microstrip 
antennas wherein flat conductive elements are spaced from 
a single essentially continuous ground element by a 
dielectric sheet of uniform thickness. An example of a 
wideband phased array antenna is disclosed in U.S. Patent 
No. 6,512,487 to Taylor et al . , which is incorporated 
herein by reference and is assigned to the current 
assignee of the present invention. 
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[0003] An alternative to microstrip antennas is 
slotted antennas. A slotted phased array antenna may 
also be used for communication systems such as 
identification of friend/foe (IFF) systems, personal 
communication service (PCS) systems, satellite 
communication systems and aerospace systems, which 
require such characteristics as low cost, light weight, 
low profile and a low sidelobe. 

[0004] The bandwidth and directivity capabilities of a 
slotted phased array antenna, however, can be limiting 
for certain applications. While the use of magnetically 
coupled slotted antenna elements can increase bandwidth, 
obtaining this benefit presents significant design 
challenges, particularly where maintenance of a low 
profile and broad beamwidth is desirable. Also, the use 
of slotted antenna elements can improve directivity in a 
given direction by providing a predetermined scan angle. 
However, utilizing a slotted phased array antenna 
presents a dilemma. The scan angle can be increased if 
the slotted antenna elements are spaced closer together, 
but closer spacing can increase undesirable coupling 
between slotted antenna elements, thereby degrading 
performance . 

[0005] Increasing the bandwidth of a slotted phased 
array antenna with a wide scan angle is conventionally 
achieved by dividing the frequency range into multiple 
bands. This approach results in a considerable increase 
in the size and weight of the antenna. For example, U.S. 
Patent No. 5,648,786 to Chung et al . discloses a wideband 
slotted phased array antenna. The antenna in the x 786 
patent is a periodic slot array antenna comprising a 
plurality of arrays. The arrays comprise a plurality of 
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conductive cavities adjacent to one another with varying 
conductive cavity sizes in accordance with a log-periodic 
scale. The bandwidth of the antenna is extended since 
several varying size cavities and slots are used, but at 
the expense of the antenna's overall size and weight. 

Summary of the Invention 
[0006] In view of the foregoing background, it is 
therefore an object of the invention to provide a 
lightweight and compact wideband slotted phased array 
antenna . 

[0007] This and other objects, features and advantages 
in accordance with the present invention are provided by 
a wideband slotted phased array antenna comprising a 
substrate, and a patterned conductive layer on the 
substrate. The patterned conductive layer may define a 
plurality of slotted dipole antenna elements each having 
a medial feed portion associated therewith. Each slotted 
dipole antenna element may comprise a pair of slotted 
legs extending outwardly from the medial feed portion. 
Pairs of adjacent slotted legs of adjacent slotted dipole 
antenna elements may include respective spaced apart end 
portions having predetermined shapes and relative 
positioning to provide increased inductive coupling 
between the adjacent slotted dipole antenna elements. 
[0008] The spaced apart end portions in adjacent 
slotted legs may comprise interdigitated portions, and 
each slotted leg may comprises an elongated slotted body 
portion, an enlarged slotted width end portion connected 
to an end of the elongated slotted body portion, and a 
plurality of slotted fingers (the interdigitated 
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portions), e.g., four, extending outwardly from the 
enlarged slotted width end portion. 

[0009] The wideband slotted phased array antenna has a 
desired frequency range and the spacing between the end 
portions of adjacent slotted legs is less than about one- 
half a wavelength of a highest desired frequency. Also, 
the plurality of slotted dipole antenna elements may 
include first and second sets of orthogonal slotted 
dipole antenna elements to provide dual polarization. A 
ground plane is preferably provided adjacent the 
patterned conductive layer and is spaced from the 
plurality of slotted dipole antenna elements less than 
about one-half a wavelength of a highest desired 
frequency. 

[0010] The plurality of slotted dipole antenna 
elements may be arranged at a density in a range of about 
100 to 900 per square foot. The plurality of slotted 
dipole antenna elements are sized and relatively 
positioned so that the wideband slotted phased array 
antenna is operable over a frequency range of about 2 to 
30 GHz, and at a scan angle of about + 60 degrees. There 
may be at least one dielectric layer adjacent the 
plurality of slotted dipole antenna elements. In 
addition, the substrate may be flexible so that it may be 
supported on a rigid mounting member having a non-planar 
three-dimensional shape . 

[0011] The phased array antenna may further comprises 
a respective impedance element electrically connected to 
the patterned conductive layer between the spaced apart 
end portions of adjacent slotted legs of adjacent slotted 
dipole antenna elements for further increasing the 
inductive coupling therebetween. Alternatively, the 
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phased array antenna may further comprise a respective 
printed impedance element adjacent the spaced apart end 
portions of adjacent slotted legs of adjacent slotted 
dipole antenna elements for further increasing the 
inductive coupling therebetween. 

[0012] Another aspect of the present invention is 
directed to a method for making a phased array antenna 
comprising providing a patterned conductive layer, and 
defining a plurality of slotted dipole antenna elements 
in the patterned conductive layer. Each slotted dipole 
antenna element may have a medial feed portion associated 
therewith, and comprising a pair of slotted legs 
extending outwardly from the medial feed portion. 
Defining the plurality of slotted dipole antenna elements 
includes shaping and positioning respective spaced apart 
end portions of adjacent slotted legs of adjacent slotted 
dipole antenna elements to provide increased inductive 
coupling between the adjacent slotted dipole antenna 
elements . 



Brief Description of the Drawings 
[0013] FIG. 1 is a schematic diagram illustrating a 
wideband slotted phased array antenna mounted on an 
aircraft in accordance with the present invention. 
[0014] FIG. 2 is an exploded view of the wideband 
slotted phased array antenna of FIG. 1. 

[0015] FIG. 3A is a schematic diagram of the patterned 
conductive layer of the wideband slotted phased array 
antenna in accordance with the present invention. 
[0016] FIG. 3B is a greatly enlarged view of a portion 
of the patterned conductive layer as shown in FIG. 3A. 
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[0017] FIG. 4A is an enlarged schematic view of the 
spaced apart end portions of adjacent slotted legs of 
adjacent slotted dipole antenna elements of the wideband 
slotted phased array antenna as shown in FIG. 2. 
[0018] FIG. 4B is an enlarged schematic view of 
another embodiment of the adjacent slotted legs of 
adjacent slotted dipole antenna elements in accordance 
with the present invention. 

[0019] FIG. 5A is an enlarged schematic view of an 
impedance element connected to the patterned conductive 
layer between the spaced apart end portions of adjacent 
slotted legs of adjacent slotted dipole antenna elements 
as may be used in the wideband slotted phased array 
antenna as shown in FIG. 2. 

[0020] FIG. 5B is an enlarged schematic view of 
another embodiment of an impedance element adjacent the 
spaced apart end portions of adjacent slotted legs of 
adjacent slotted dipole antenna elements as may be used 
in the wideband slotted phased array antenna as shown in 
FIG. 2. 

[0021] FIG. 6A is a schematic diagram of another 
embodiment of the patterned conductive layer of the 
wideband slotted phased array antenna in accordance with 
the present invention. 

[0022] FIG. 6B is a greatly enlarged view of a portion 
of the patterned conductive layer as shown in FIG. 6B. 

[0023] FIG. 7 is a schematic diagram of feed lines to 
be connected to the slotted dipole antenna elements 
illustrated in FIGS. 6A and 6B. 

[0024] FIGS. 8 and 9 are enlarged schematic views of 
alternative embodiments of the slotted dipole antenna 
elements in accordance with the present invention. 
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Detailed Description of the Preferred Embodiments 
[0025] The present invention will now be described 
more fully hereinafter with reference to the accompanying 
drawings, in which preferred embodiments of the invention 
are shown. This invention may, however, be embodied in 
many different forms and should not be construed as 
limited to the embodiments set forth herein. Rather, 
these embodiments are provided so that this disclosure 
will be thorough and complete, and will fully convey the 
scope of the invention to those skilled in the art. Like 
numbers refer to like elements throughout, and prime, 
double prime and triple prime notations are used to 
indicate similar elements in alternative embodiments. 
[0026] Referring initially to FIGS. 1 and 2, a 
wideband slotted phased array antenna 50 in accordance 
with the present invention will now be described. One or 
more wideband slotted phased array antennas 50 may be 
mounted on an aircraft 52, for example. The illustrated 
wideband slotted phased array antenna 50 is connected to 
a beam forming network (BFN) 54 which is connected to a 
transceiver 56. The BFN 54 controls the phase of the 
wideband slotted phased array antenna 50 to create the 
desired sum and difference patterns, which forms the 
desired antenna beams, as readily understood by those 
skilled in the art. An example BFN 54 is a Butler 
matrix. 

[0027] The wideband slotted phased array antenna 50 is 
preferably formed of a plurality of flexible layers as 
shown in FIG. 2. These layers include a patterned 
conductive layer 62 sandwiched between a ground plane 64 
and a cap layer 66. Additionally, inner and outer 
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dielectric layers of foam 63, 65 are provided. 
Respective adhesive layers 61 secure the patterned 
conductive layer 62, ground plane 64, cap layer 66, and 
inner and outer dielectric layers of foam 63, 65 together 
to form the wideband slotted phased array antenna 50, 
which is flexible and conf ormal . 

[0028] Referring now to FIGS. 3A and 3B, the patterned 
conductive layer 62 of the slotted phased array antenna 
50 will now be discussed in greater detail. The patterned 
conductive layer 62 defines a plurality of slotted dipole 
antenna elements 7 0 each having a medial feed portion 72 
associated therewith, as best shown in the greatly 
enlarged view of portion 69 (FIG. 3B) from the patterned 
conductive layer illustrated in FIG. 3A. 

[002 9] In other words, the patterned conductive layer 
62 is a conductive material, and the slotted dipole 
antenna elements 70 are slots formed within the 
conductive material . The wideband slotted phased array 
antenna 50 in accordance with the present invention is an 
inverse of the wideband phased array antenna disclosed in 
U.S. Patent No. 6,512,487 to Taylor et al . as discussed 
above in the background section herein. In the M87 
patent the conductive material forming the dipole antenna 
elements has been replaced with a slot or hole, and the 
open areas adjacent the dipole antenna elements are now a 
conductive material. Respective feed lines are connected 
to the medial feed portions 72 from the opposite side of 
the patterned conductive layer 62. 

[0030] Each slotted dipole antenna element 70 
comprises a pair of slotted legs 74 extending outwardly 
from the medial feed portion 72. Pairs of adjacent 
slotted legs of adjacent slotted dipole antenna elements 
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7 0 include respective spaced apart end portions 7 6 having 
predetermined shapes and relative positioning to provide 
increased inductive coupling between the adjacent slotted 
dipole antenna elements. The spacing between the end 
portions 76 of adjacent legs 74 is less than about one- 
half a wavelength of a highest desired frequency. 
[0031] The illustrated wideband slotted phased array 
antenna 50, in terms of the patterned conductive layer 
62, may have the following dimensions: a width A of 12 
inches and a height B of 18 inches. In this example, the 
number of slotted dipole antenna elements 70 along the 
width A equals 43, and the number of slotted dipole 
antenna elements along the length B equals 65, resulting 
in an array of 2,795 slotted dipole antenna elements. Of 
course the actual size of the wideband slotted phased 
array antenna 50 may vary depending on the intended 
application. The wideband slotted phased array antenna 
50 has a desired frequency range from 2 GHz to 3 0 GHz, 
for example . 

[0032] As shown in FIG. 4A, the spaced apart end 
portions 76 in adjacent legs 74 have slotted overlapping 
or interdigitated portions 78. Each slotted leg 74 
comprises an elongated slotted body portion 80, an 
enlarged slotted width end portion 82 connected to an end 
of the elongated slotted body portion, and a plurality of 
slotted fingers (i.e., the interdigitated portions 78), 
e.g., four, extending outwardly from the enlarged width 
end portion. 

[0033] Alternatively, as shown in FIG. 4B, adjacent 
slotted legs 74 1 of adjacent slotted dipole antenna 
elements 70 may have respective spaced apart end portions 
46' to provide increased inductive coupling between the 
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slotted adjacent dipole antenna elements. In this 
embodiment, the spaced apart end portions 76 1 in adjacent 
legs 74 ' comprise enlarged width end portions 82 1 
connected to an end of the elongated body portion 80" to 
provide the increased inductive coupling between the 
adjacent slotted dipole antenna elements. 
[0034] The plurality of slotted dipole antenna 
elements 70 may be arranged at a density in a range of 
about 100 to 900 per square foot. The plurality of 
slotted dipole antenna elements 70 are sized and 
relatively positioned so that the wideband slotted phased 
array antenna 50 is operable over a frequency range of 
about 2 GHz to 3 0 GHz, and at a scan angle of about +60 
degrees (low scan loss) . Such an antenna 50 may also 
have a 10:1 or greater bandwidth, includes conformal 
surface mounting, while being relatively lightweight, and 
easy to manufacture at a low cost. 

[0035] To further increase the inductive coupling 
between adjacent slotted dipole antenna elements 70, a 
respective discrete or bulk impedance element 90" is 
electrically connected to the patterned conductive layer 
62" between the spaced apart end portions 76" of adjacent 
slotted legs 74" of adjacent slotted dipole antenna 
elements, as illustrated in FIG. 5A. 

[0036] In the illustrated embodiment, the spaced apart 
end portions 76" have the same width as the elongated 
body portions 80". The discrete impedance elements 90" 
are preferably soldered in place after the slotted dipole 
antenna elements have been formed so that they 
transversly overlay the respective adjacent slotted legs 
74" of adjacent slotted dipole antenna elements. This 
advantageously allows the same inductance to be provided 
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in a smaller area, which helps to lower the operating 
frequency of the wideband slotted phased array antenna 50 
or provide improved bandwidth performance . 
[0037] The illustrated discrete impedance element 90" 
includes a capacitor 92" and an inductor 94" connected 
together in series. However, other configurations of the 
capacitor 92" and inductor 94" are possible, as would be 
readily appreciated by those skilled in the art. For 
example, the capacitor 92" and inductor 94" may be 
connected together in parallel, or the discrete impedance 
element 90" may include the inductor 94" without the 
inductor or the capacitor 92" without the inductor. 
Depending on the intended application, the discrete 
impedance element 90" may even include a resistor. 
[0038] The discrete impedance element 90" may also be 
connected between the adjacent legs 74 with the 
overlapping or interdigitated portions 78 illustrated in 
FIG. 4A. Likewise, the discrete impedance element 90" 
may also be connected between the adjacent legs 74' with 
the enlarged width end portions 82' illustrated in FIG. 
4B. 

[0039] Another advantage of the respective discrete 
impedance elements 90" is that they may have different 
impedance values so that the bandwidth of the plurality 
of slotted dipole antenna elements 70 can be tuned for 
different applications, as would be readily appreciated 
by those skilled in the art. In addition, the impedance 
is not dependent on the electrical properties of the 
adjacent dielectric layer 63, 65. Since the discrete 
impedance elements 90" are not effected by the dielectric 
layers 63, 65, this approach advantageously allows the 
impedance between the dielectric layers 62, 65 and the 
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impedance of the discrete impedance element 90" to be 
decoupled from one another. 

[0040] Referring now to FIGS. 6A and 6B, another 
embodiment of the patterned conductive layer 162 includes 
first and second sets of slotted dipole antenna elements 
170 which are orthogonal to each other to provide dual 
polarization, as would be readily appreciated by those 
skilled in the art. The first and second sets of slotted 
dipole antenna elements 170 are shown in greater detail 
in the enlarged view (FIG. 6B) of a portion 169 of the 
patterned conductive layer 162 illustrated in FIG. 6A. 
[0041] Respective feed lines 100 (as illustrated in 
FIG. 7) are connected to the feed portions 172 from the 
opposite side of the patterned conductive layer 60. For 
the first and second sets of slotted dipole antenna 
elements 170 which are orthogonal, feed lines 100a f 100b 
100c and lOOd are respectively connected to the feed 
portions 172a, 172b 172c and 172d on the patterned 
conductive layer 162. 

[0042] An alternative embodiment of the slotted dipole 
antenna elements will now be discussed with reference to 
FIGS. 8 and 9. As discussed above, each slotted dipole 
antenna element 270 (single polarization) and 370 (dual 
polarization) comprises a pair of slotted legs 274, 374 
extending outwardly from the medial feed portions 272, 
372. In particular, the legs 274, 374 of each pair of 
slotted legs are coupled at the medial feed portions 272, 
372 to define a continuous slot. The medial feed portions 
272, 372 are now adjacent each slotted dipole antenna 
element as readily appreciated by those skilled in the 
art. Respective feed lines are connected to the medial 
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feed portions 272, 372 from the opposite side of the 
patterned conductive layer 262, 362. 

[0043] Nonetheless, pairs of adjacent slotted legs of 
adjacent slotted dipole antenna elements 270, 370 include 
respective spaced apart end portions 276, 376 having 
predetermined shapes and relative positioning to provide 
increased inductive coupling between the adjacent slotted 
dipole antenna elements. Even though the illustrated 
slotted dipole antenna elements 270, 370 include 
interdigitated portions, any of the embodiments discussed 
above are also applicable. Moreover, a coaxial line 
center conductor may be connected across the respective 
medial feed portions 272, 372 for each slotted dipole 
antenna element 270, 370. 

[0044] Another aspect of the present invention is 
directed to a method for making a phased array antenna 
providing a patterned conductive layer, and defining a 
plurality of slotted dipole antenna elements in the 
patterned conductive layer. Each slotted dipole antenna 
element may have a medial feed portion associated 
therewith, and comprising a pair of slotted legs 
extending outwardly from the medial feed portion. 
Defining the plurality of slotted dipole antenna elements 
includes shaping and positioning respective spaced apart 
end portions of adjacent slotted legs of adjacent slotted 
dipole antenna elements to provide increased inductive 
coupling between the adjacent slotted dipole antenna 
elements . 

[0045] Many modifications and other embodiments of the 
invention will come to the mind of one skilled in the art 
having the benefit of the teachings presented in the 
foregoing descriptions and the associated drawings. For 
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example, the slotted phased array antenna may have other 
configurations, such as those disclosed in the following 
pending applications: PHASED ARRAY ANTENNA WITH SELECTIVE 
CAPACITIVE COUPLING AND ASSOCIATED METHODS, attorney 
docket number GCSD-1493 (51349); MULT I BAND 
CONCENTRICALLY DISTRIBUTED PHASED ARRAY ANTENNA AND 
ASSOCIATED METHODS, attorney docket number GCSD-1488 

(51350) ; MULT I BAND RADIALLY DISTRIBUTED GRADED PHASED 
ARRAY ANTENNA AND ASSOCIATED METHODS, attorney docket 
number GCSD-1487 (51351); MULT I BAND RADIALLY DISTRIBUTED 
PHASED ARRAY ANTENNA WITH A SLOPPING GROUND PLANE AND 
ASSOCIATED METHODS, attorney docket number GCSD-1486 

(51352) ; and MULT I BAND RADIALLY DISTRIBUTED PHASED ARRAY 
ANTENNA WITH A PLATEAU SHAPED GROUND PLANE AND ASSOCIATED 
METHODS, attorney docket number GCSD-1485 (51353) . These 
pending applications are incorporated herein by reference 
and are assigned to the current assignee of the present 
invention. Therefore, it is understood that the 
invention is not to be limited to the specific 
embodiments disclosed, and that modifications and 
embodiments are intended to be included within the scope 
of the appended claims. 
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